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We study propagators of diagonal and off-diagonal gluons in the momentum space in maximal abelian gauge 
of SU{2) lattice gauge theory. Remaining (7(1) degrees of freedom are fixed using Landau gauge. We find 
substantial difference between the propagator of the diagonal and the off-diagonal gluon in the infrared region. 
The propagator of the off-diagonal gluon is suppressed in comparison with that of the diagonal gluon at small 
momenta. In the ultraviolet region both propagators behave as in nonabelian Landau gauge. 



1. INTRODUCTION 

In lattice numerical studies gauge invariant 
quantities are usually computed. On the other 
hand, gauge covariant quantities also provide im- 
portant information. The well known exam- 
ples are quark and gluon propagators, requiring 
complete gauge fixing, monopoles and P- vortices, 
which study needs only partial gauge fixing. The 
first lattice calculations of the gluon propagator 
were performed in Landau gauge ||l|. Nowadays 
these results are significantly improved , also var- 
ious gauges are used (see e.g. Q]). Maximal 
abehan gauge (MAG), used to demonstrate the 
dual super conductor confinement mechanism, is 
especially interesting. Propagators in this gauge 
were not explored carefully enough so far. The 
first such study of propagators in the coordinate 
space was performed in Ref. There was no 
study of propagators in the momentum space. 
In this paper our aim is to close this gap. We 
present our results of the high statistics calcula- 
tion of propagators of the diagonal and the off- 
diagonal gluon in SU{2) lattice gauge theory in 
MAG. Complete gauge fixing is achieved by us- 
ing abelian Landau gauge to fix remaining abelian 
gauge degrees of freedom. 



*Talk given by S.M.M. at Lattice 2002, Boston. 



2. GAUGE FIXING 

We use the standard parameterization of SU{2) 
link matrices, Uu = e*^cos(/3, U12 — e^^simp. 
Then gauge fields are defined as follows: 

Al{x) = sin ipf,{x) sin Xf,{x), (1) 
Al (x) = sin ipf, (x) cos (x) , (2) 
Al{x) = cosipfj,{x)sm0f,{x). (3) 

We call A^{x) the diagonal gluon field, and 
A^^{x), z = 1, 2 the off-diagonal gluon field. 

The maximal abelian gauge condition in a dif- 
ferential form is 

{d^ T ^Al{x))A^{x) = 0; A± = -^(^ ± zA^). 

Nonperturbative fixing of this gauge amounts to 
the minimization of the functional 

F[A]= J d^xi{Alix))^ + iAlix)r). 

In our simulations the Simulated Annealing al- 
gorithm [Q with 20 randomly generated gauge 
copies is employed to minimize the effect of Gri- 
bov copies. 

After MAG, only U{1) degrees of freedom re- 
main unfixed. We fix them using U{1) Landau 
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gauge. The differential lattice gauge condition 
we are using is 



sin 6*^ (a;) = 0. 



(4) 



This condition implies that the diagonal field 
is not transversal at a finite lattice spacing. An- 
other gauge condition = is not considered 
here and will be discussed elsewhere Q. Condi- 
tion is equivalent to the maximization of the 
functional 



F[0] =^cos0^(a;), 



using only U{1) gauge transformations. A local 
maximization algorithm with 30 random gauge 
copies is used to accomplish this task. As the 
"stop criterion" for the algorithm we use 



mo. 



Id 



< e 



10~ 



(5) 



3. PROPAGATORS 

We calculate the diagonal propagator 

^'rb) - Dllip) = {Al{k)AU-k)), (6) 
and the off-diagonal propagator 

{A'f{k)Al-\-k)), (7) 
where Fourier transform is defined as 



^ ^^"^ , = 0, , 
aL,, 



The physical lattice momenta p are related to k 
as follows: 

2 . a/cu 
Pii = — sm — —. 
a 2 

Since both diagonal and off-diagonal fields are not 
transversal the general structure of diagonal and 
off-diagonal propagators is 

D,Ap) = {S,.-^)D*{p') + ^^D\p'). (8) 



Thus we have four structure functions 
DdLg,offdiag^ ^^ich are really not indepen- 
dent. Note that in nonabelian Landau gauge, 
S^AJ^t" = 0, there would be only one formfactor: 

{Al{p)Ali-p)) = 6'^\5,, - ^)Dip^). 



4. NUMERICAL RESULTS 

To calculate propagators the lattice with L = 
24 (138 configurations) at /3 = 2.40 were simu- 
lated. The lattice spacing is (1.66 GeV)~^ at this 
(3. 

The behavior of transversal parts of propaga- 
tors in the ultraviolet region is the same as in non- 
abelian Landau gauge as our gauge corresponds 
to that gauge in the limit of large momenta. Both 
gluons are well described by the perturbative for- 

niula D'd^ag.offd^agip') = Fig. |l|. 

The longitudinal part P^D^^ffdiagiP^) tends to 
zero as tends to infinity. And P^D^diagiP^) 
small in comparison with other structure func- 
tions (see inset in Fig. It increases linearly 
with increasing p^ . Similar result was obtained in 
1^ for the longitudinal part of the photon propa- 
gator in 3D compact QED when gauge condition 
was chosen allowing nonzero longitudinal part at 
the finite lattice spacing as in our case. Indica- 
tions that the longitudinal part tends to zero in 
the continuum limit were found in 

The sharp increase of p^Z?^j^g(p^) at low mo- 
menta seems to be related to imprecise U{1) Lan- 
dau gauge fixing. We repeated computations on 
our smaller 16"* lattices (300 gauge field configura- 
tions) with reinforced condition (||): e decreased 
down to 10^1^ 
0, p2^0, 1. 



We found that P^D^^^^^ip^) 



In IR region one can see a very strong suppres- 
sion of i:i*^^^.^^(p2) in comparison with £»* .^^ (p^ ) 
demonstrating the essence of the Abelian domi- 
nance 0, Figj|. At the same time D^of fdiagiP^) 
approaches D^of fdiag^P^) P < ^-^ GeV. The 
off-diagonal propagator thus becomes: 



5au 



P)Of fdiag I \ 



P^ + ml^j{p'^)' 
Fit to this form at p < 1.5 GeV with l^dof 



(9) 
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Figure 1. Formfactors of the diagonal and the ofF- 

i 

diag 



diagonal gluon. The rescaled inset shows p^-D^^, 
with the same axes as in the main plot. 



1.76 gives Too// = 1.06(1) GeV. 

In the range p < 1.5 GeV the best fit 
ixVNdof = 0.51) to is given by the 

formula 



diag 



(p2 



(10) 



diag' 



We obtain a = 0.80(1), rudi, 



0.63(1) GeV. 

{p^) in the in- 
frared region is qualitatively similar to that of the 
propagator in nonabelian Landau gauge B. 



This shows that behavior of -D^j^g 
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5. CONCLUSIONS AND OUTLOOK 

Our results clearly show that off-diagonal glu- 
ons are suppressed at low momenta thus provid- 
ing the explanation of the Abelian dominance es- 
tablished in numerical studies of MAG. Effects 
of the finite volume and incomplete gauge fixing 
should be further investigated. 
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Figure 2. Lattice data fitted by Eq. |l^ for the 
DdtagiP^) and by Eq. | for D^j j^i^g{p^). 



